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1
PROJECTED CAPACITIVE TOUCH DEVICE
AND TOUCH CONTROL METHODS FOR
PROJECTED CAPACITIVE PANEL THEREOF

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims the priority benefit of Taiwan
application serial no. 100145081, filed on Dec. 7,2011. The
entirety of the above-mentioned patent application is hereby
incorporated by reference herein and made a part of this
specification.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The disclosure generally relates to a projected capacitive
touch device and touch control methods thereof, more par-
ticularly, relates to a projected capacitive touch device and
touch control methods thereof for generating feedback tactile
senses.

2. Description of Related Art

In the electronic products of the recent years, touch tech-
nologies are applied to improve the interactions between the
electronic devices and the users. As using a touch panel, the
user can transmit the control commands for an electronic
device on its screen, and compared with conventional key-
pads, the touch panel can execute the control actions for the
electronic devices easily and directly.

However, it lacks real tactile feedback responses for a user
who controls the electronic device through the touch panel. It
should be noted that the feedback tactile sense in the real
behavior is defined as that the tactile actions can be perceived
by one whose fingers touch the screen, but not visual changes
only. In the conventional arts, the vibrating stimulations are
often used as the tactile feedback responses on the touch
screen, and for the mechanism of the tactile feedback
responses such as vibrating stimulations, it is a mature tech-
nology and easy to be devised and fabricated, but the draw-
back is that it is not applicable in the touch screen of a flexible
electronic device.

SUMMARY OF THE INVENTION

The disclosure proposes a touch control method of a pro-
jected capacitive touch panel having a touch sensing unit
formed by a matrix composed of a plurality of X-electrodes
and Y-electrodes distributed intersectingly. The method com-
prises: mixing a detecting signal and a feedback driving sig-
nal to generate a sending signal; and transmitting the sending
signal to the touch sensing unit, wherein the feedback signal
generates an electrical field on at least one of the X-electrodes
and atleast one of the Y-electrodes of the touch sensing unit so
that a feedback tactile sense according to the electrical field
can be obtained by a user while touching the touch sensing
unit.

The disclosure further proposes a touch control method of
aprojected capacitive touch panel having a touch sensing unit
formed by a matrix composed of a plurality of X-electrodes
and Y-electrodes distributed intersectingly. The method com-
prises: generating a detecting signal; transmitting the detect-
ing signal to at least one touch sensing unit of the projected
capacitive touch panel; receiving a touch result generated by
the touch sensing unit according to the detecting signal; and
transmitting a feedback driving signal to the touch sensing
unit according to the touch result, wherein the feedback signal
generates an electrical field on at least one of the X-electrodes
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and at least one of the Y-electrodes so that a feedback tactile
sense according to the electrical field can be obtained by a
user while touching the touch sensing unit.

The disclosure proposes a projected capacitive touch
device having a projected capacitive touch panel having a
touch sensing unit formed by a matrix composed of a plurality
of X-electrodes and Y-electrodes distributed intersectingly.
The device comprises a signal generator. The signal generator
mixes a detecting signal and a feedback driving signal to
generate a sending signal and then transmits the sending
signal to the touch sensing unit, wherein the feedback signal
generates an electrical field on at least one of the X-electrodes
and at least one ofthe Y-electrodes of the touch sensing unit so
that a feedback tactile sense according to the electrical field
can be obtained by a user while touching the touch sensing
unit.

The disclosure further proposes a projected capacitive
touch device having a projected capacitive touch panel having
a touch sensing unit formed by a matrix composed of a plu-
rality of X-electrodes and Y-electrodes distributed intersect-
ingly. The device comprises a signal generator and a signal
receiver. The signal generator generates a detecting signal and
transmits the detecting signal to the touch sensing unit. The
signal receiver is coupled to the touch sensing unit and
receives a touch result generated by the touch sensing unit
according to the detecting signal. A feedback driving signal
generated by the signal generator according to the touch
result is transmitted to the touch sensing unit, and the feed-
back driving signal generates an electrical field on at least one
ofthe X-electrodes and at least one of the Y-electrodes, so that
a feedback tactile sense according to the electrical field can be
obtained by a user while touching the touch sensing unit.

In order to the make the aforementioned and other objects,
features and advantages of the present invention comprehen-
sible, several embodiments accompanied with figures are
described in detail below.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates a flow chart of a touch control method of
a projected capacitive touch panel in an embodiment of the
present disclosure.

FIG. 2 illustrates a flow chart of a touch control method of
the projected capacitive touch panel in another embodiment
of the present disclosure.

FIG.3A is a schematic view of a projected capacitive touch
device 300 of an embodiment of the present disclosure.

FIG. 3B is an equivalent circuit diagram of the projected
capacitive touch device 300 of the embodiment of the present
disclosure.

FIG. 4 is a schematic view of a projected capacitive touch
device 400 of another embodiment of the present disclosure.

FIGS. 5A and 5B respectively illustrate different transmit-
ting manners of a detecting signal TS and a feedback driving
signal FD in the embodiment of the present disclosure.

DESCRIPTION OF EMBODIMENTS

Referring to FIG. 1, FIG. 1 illustrates a flow chart of atouch
control method of a projected capacitive touch panel in an
embodiment of the present disclosure. In the embodiment, the
projected capacitive touch panel has one or more touch sens-
ing units, each ofthe touch sensing units is formed by a matrix
composed of a plurality of X-electrodes and Y-electrodes
distributed intersectingly. The steps of detecting touches for
the projected capacitive touch panel include: mixing detect-
ing signals and feedback driving signals to generate sending
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signals (S110). That is to say, the detecting signals and the
feedback driving signals are mixed in advance and then the
sending signals are generated accordingly. The detecting sig-
nals are used as media for detecting the touched status of the
touch sensing units in the projected capacitive touch panel,
and the feedback driving signals are those used to generate the
feedback tactile senses for a user who touches the touch
sensing units. In the present embodiment, the frequency ofthe
detecting signals is higher than that of the feedback driving
signals. For example, the first frequency of the detecting
signals is between 1 KHz and 500 MHz, and the second
frequency of the feedback driving signals is between 10 Hz
and 2 KHz. The sending signals are generated by combining
the relatively-high-frequency detecting signals and the rela-
tively-low-frequency feedback driving signals.

After accomplishing the step for mixing the detecting sig-
nals and the feedback driving signals, the sending signals
obtained are transmitted to one or more the touch sensing
units of the projected capacitive touch panel (S120), and
simultaneously the touched status of the touch sensing units is
detected and then feedback tactile senses are obtained by a
user who touches the touch sensing units. In the embodiment,
electrical field is generated on at least one of the X-electrodes
and at least one of the Y-electrodes according to the feedback
driving signals, and through the electrical field above men-
tioned, the feedback tactile sense is obtained by the user who
touching the touch sensing units.

It is worthy to be mentioned, in order to avoid the adverse
effect of the feedback driving signals on the steps for detect-
ing the touched status of the touch sensing units, the present
embodiment further provides filter circuits, disposed at touch
sensing ends of the touch sensing units, for receiving the
sending signals. The filter circuits filter out the feedback
driving signals in the sending signals and receive touch
results, generated according to the detecting signals, at the
touch sensing ends. The above-mentioned filter circuits are,
for example, band pass filter circuits.

It should be noted that the present embodiment could be
applied in a self-sensing projected capacitive touch panel and
a mutual sensing projected capacitive touch panel, and its
applications in any type of projected capacitive touch panels
are not limited. Also, as the result of an insulating layer
formed over the surface of the projected capacitive touch
panel, the electrical fields generated by the feedback driving
signals on the touch sensing units do not cause any electric
shocks for the user, so that both ofthe use safety and the effect
of'the feedback tactile senses for the user could be effectively
satisfied.

Referring to FIG. 2, FIG. 2 illustrates a flow chart of a touch
control method of the projected capacitive touch panel in
another embodiment of the present disclosure. In the present
embodiment, the projected capacitive touch panel has one or
more touch sensing units, each of the touch sensing units is
formed by a matrix composed of a plurality of X-electrodes
and Y-electrodes distributed intersectingly. In the present
embodiment, the steps of detecting touches for the projected
capacitive touch panel include: generating detecting signals
(S210) and transmitting the detecting signals to at least one of
the touch sensing units in the projected capacitive touch panel
(8220), in which the detecting signals are used as indicators
for the step of detecting whether the touch sensing units are
touched by the user or not. Thereafter, the steps further
include: receiving the touch results generated by the touch
sensing units according to the detecting signals (S230). Also,
feedback driving signals are transmitted to the touch sensing
units when the touch results indicate the phenomena that the
touch sensing units touched by the user may happen, so that
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electrical fields are generated on at least one of the X-elec-
trodes and at least one of the Y-electrodes in the touch sensing
units according to the feedback driving signals, and then
according to the electrical fields, feedback tactile senses can
be obtained by the user touching the touch sensing units
(S240).

It should be noted, in the present embodiment, the detect-
ing signals and the feedback driving signals for generating
feedback tactile senses to the user are transmitted to the
X-electrodes and the Y-electrodes of the touch sensing units
in different time schedules. Furthermore, in order to reduce
the power consumption, the feedback driving signals are
transmitted to the touch sensing units only when the statuses
that the touch sensing units are touched are confirmed. And,
the present embodiment also could be applied in a self-sens-
ing projected capacitive touch panel and a mutual sensing
projected capacitive touch panel, and its applications in any
types of projected capacitive touch panels are not limited.

Referring to FIG. 3A, FIG. 3A is a schematic view of a
projected capacitive touch device 300 of an embodiment of
the present disclosure. The projected capacitive touch device
300 includes a signal generator 310 and a projected capacitive
touch panel 330. In the present embodiment, the projected
capacitive touch panel 330 has a plurality of touch sensing
units TU, each of the touch sensing units is formed by a matrix
composed of a plurality of X-electrodes and Y-electrodes
distributed intersectingly. The signal generator 310 mixes
detecting signals and feedback driving signals to generate
sending signals SS1 and then transmits the sending signals
SS1 to at least one or more of the touch sensing units TU in the
projected capacitive touch panel 330, in which the feedback
driving signals generate electrical fields on at least one or
more of the touch sensing units TU of the projected capacitive
touch panel 330, so that feedback tactile senses according to
the electrical fields are obtained by the user while touching
the touch sensing units TU. It should be noted, the X-elec-
trodes and the Y-electrodes constituting the touch sensing unit
TU can be used to produce the electrical fields on the touch
sensing units TU. That is to say, no additional components
disposed in the touch sensing units TU are needed for gener-
ating the electrical fields.

Referring to FIG. 3B for the implementing details of the
signal generator 310, FIG. 3B is an equivalent circuit diagram
of the projected capacitive touch device 300 of the embodi-
ment of the present disclosure. The signal generator 310
includes a detecting signal generator 301 and a feedback
driving signal generator 302. The detecting signal generator
301 is coupled to an output terminal OUTT and generates
detecting signals V1. The feedback driving signal generator
302 is coupled to the output terminal OUTT and generates
feedback driving signals V2. The detecting signals V1 and the
feedback driving signal V2 are summed at the output terminal
OUTT and then sending signals SS1 are generated.

In addition, a capacitor CA is serially coupled between the
detecting signal generator 301 and the output terminal OUTT.
The capacitor CA is used for filtering out the DC portions of
the detecting signals V1. Since the first frequency of the
detecting signals V1 is higher than that the second frequency
of the feedback driving signals V2, it is quite easy to effec-
tively mix the detecting signals V1 and the feedback driving
signals V2 at the output terminal OUTT, a common joint for
both signals, and then the sending signals SS1 is generated
correspondingly.

Equivalent circuits 331 and 332 are the equivalent circuits
of'two adjacent touch sensing units TU, respectively, in which
a resistance R1 and a resistance R2 respectively are the
equivalent resistances of the wires coupled to two different
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touch sensing units TU, and a capacitor CP1 and a capacitor
CP2 coupled to the ground end GND are the equivalent
capacitors of two different touch sensing units TU, respec-
tively, and a capacitor CC1 is the capacitor located between
the two adjacent touch sensing units TU. In FIG. 3B, the
projected capacitive touch device 300 further comprises a
projected capacitive touch panel 330. The projected capaci-
tive touch device 300 may include a filter 350 if the projected
capacitive touch panel 330 is one of self-sensing type. The
filter 350 is coupled to the coupling end of the resistance R1
and the capacitor CP1 in the equivalent circuit 331. In the
present embodiment, the filter 350 is a capacitor CF used for
filtering out the low-frequency feedback driving signals V2 in
the sending signals SS1. Of course, the capacitor CF is only
one of embodiments of the filter 350, and the present disclo-
sure should not be limited by it and all kinds of circuits
capable of filtering signals can be used to fulfill the function
of the filter 350. In the other aspect, the projected capacitive
touch device 300 comprise a filter 370 if the projected capaci-
tive touch panel 330 is one of mutual sensing type. The filter
370 is coupled to the rear end of the last touch sensing unit
(the equivalent circuit 332 for example), and it means that the
filter 370 is coupled to the terminal of the resistance R2, but
uncoupled to the capacitor CP2. The filter 370 is also used for
filtering out the low-frequency feedback driving signal V2 in
the sending signal SS1.

Referring to FIG. 4, FIG. 4 is a schematic view of a pro-
jected capacitive touch device 400 of another embodiment of
the present disclosure. The projected capacitive touch device
400 comprises a signal generator 410, a signal receiver 430
and a projected capacitive touch panel 450. The signal gen-
erator 410 generates detecting signals TS and transmits the
detecting signals TS to at least one or more of touch sensing
units TU of the projected capacitive touch panel 450, and the
signal receiver 430 is coupled to at least one or more of the
touch sensing units TU of the projected capacitive touch
panel 450. The signal receiver 430 receives touch results TR
generated according to the detecting signals TS, in which the
signal generator 410 generates feedback driving signals FD
according to the touch results TR and then transmits those to
at least one or more of the touch sensing units TU in the
projected capacitive touch panel 450. The feedback driving
signals FD generate electrical fields on at least one X-elec-
trode and at least one Y-electrode of one or more of the touch
sensing units TU, so that a feedback tactile sense can be
obtained by the user while touching the touch sensing units
TU according to the electrical fields. In the embodiment, the
signal generator 410 generates the feedback driving signals
FD to the touch sensing units TU the touch results TR indicate
that the touch sensing units are effectively touched by the
user.

The signal generator 410 comprises a detecting signal gen-
erator 411, a feedback driving signal generator 412 and a
selector 413. The detecting signal generator 411 generates the
detecting signals TS and the feedback driving signal genera-
tor 412 generates feedback driving signals FD. The selector
413 is coupled to the detecting signal generator 411, the
feedback driving signal generator 412 and the touch sensing
units TU. The selector 413 transmits the detecting signals TS
to the touch sensing units TU during a predetermined time
period, and the selector 413 receives the touch results TR and
determines whether transmits the feedback driving signals
FD to the touch sensing units TU during another predeter-
mined time period according to those touch results TR.

It should be noted that, the time periods during which the
selector 413 transmits the detecting signals TS and the feed-
back driving signals FD respectively do not overlap each
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other. The following embodiment can be referred as to the
transmitting manners of the detecting signals TS and the
feedback driving signals FD.

Referring to FIGS. 5A and 5B, FIGS. 5A and 5B respec-
tively illustrate different transmitting manners of a detecting
signal TS and a feedback driving signal FD in the embodi-
ment of the present disclosure. In FIG. 5A, the detecting
signals TS11~TS32 received by different touching capacitor
rows (each row comprises a plurality of serially connected
touch sensing units) are transmitted contiguously in
sequence. The feedback driving signals FD11-FD32 are
transmitted to the different touch capacitors after the corre-
sponding detecting signals TS11~TS32 are transmitted for a
time distance later. Simply speaking, the transmission of the
feedback driving signals in different touch capacitor rows (for
example, the feedback signals FD11 and FD 12 shown in FIG.
5A) only relates to the time when the detecting signals TS11
and TS12 of the touch capacitors are transmitted in the same
row, but irrelevant to the time when the detecting signals
TS11 and TS12 of the touch capacitors are transmitted in the
different rows.

Iustrated in FIG. 5B, the detecting signals TS11, TS21
and TS 31 are transmitted contiguously in sequence, and all
the corresponding feedback driving signals FD11, FD21 and
FD31 inthe touch capacitor rows are transmitted only after all
the detecting signals TS11, TS21 and TS31 in the touch
capacitor rows are transmitted. And after transmitting all the
feedback driving signals FD11, FD12 and FD 13 in the touch
capacitor rows, the transmissions for all the next detecting
signals TS12, TS22 and TS32 in the touch capacitor rows are
done. After transmitting all the detecting signals TS12, TS22
and TS32 in the touch capacitor rows, all the corresponding
feedback driving signals FD12, FD22 and FD 32 in the touch
capacitor rows are transmitted in sequence.

In the summary of the above descriptions, the present dis-
closure proposes that many functions in the projected capaci-
tive touch panel, including the detection of its touched status
and the feedback tactile senses for a user while touching it,
can be provided by transmitting the detecting signals and the
feedback driving signals to the projected capacitive touch
panel. In the present disclosure, the feedback tactile senses
are provided by the electrical fields formed on the touch
sensing units. Under the protection of the insulating layer,
disposed on the surface of the projected capacitive touch
panel, the feedback tactile senses can be provided effectively
and safely to the user and the texture of the projected capaci-
tive touch panel can also be promoted.

It will be apparent to those skilled in the art that various
modifications and variations can be made to the structure of
the present invention without departing from the scope or
spirit of the invention. In view of the foregoing, it is intended
that the present invention cover modifications and variations
of this invention provided they fall within the scope of the
following claims and their equivalents.

What is claimed is:

1. A touch control method of a projected capacitive touch
panel having a touch sensing unit formed by a matrix com-
posed of a plurality of X-electrodes and Y-electrodes distrib-
uted intersectingly, the method comprising:

Providing a detecting signal to a touch sensing end and
providing a feedback driving signal to the touch sensing
end for summing a detecting signal and a feedback driv-
ing signal to generate a sending signal before a touching
status detection operation being operated; and

transmitting the sending signal to the touch sensing unit for
operating the touching status detection operation
wherein the feedback driving signal in the sending signal
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generates an electrical field on at least one of the X-elec-
trodes and at least one of the Y-electrodes of the touch
sensing unit so that a feedback tactile sense according to
the electrical field is obtained by a user while touching
the touch sensing unit,

wherein the detecting signal is used as media for detecting
the touched status of the touch sensing.

2. The touch control method of a projected capacitive touch
panel of claim 1, after the step of transmitting the sending
signal, further comprises:

providing a filter circuit, disposed at the touch sensing end
of the touch sensing unit, to filter out the feedback driv-
ing signal in the sending signal and to receive a touch
result according to the detecting signal at the touch sens-
ing end.

3. The touch control method of a projected capacitive touch

panel of claim 2, wherein the filter circuit is a band pass filter.

4. The touch control method of a projected capacitive touch
panel of claim 1, wherein the step of summing a detecting
signal and a feedback driving signal further comprises:

providing the detecting signal having a first frequency;

providing the feedback driving signal having a second
frequency, wherein the second frequency is lower than
the first frequency; and

summing the detecting signal and the feedback driving
signal to generate the sending signal.

5. The touch control method of a projected capacitive touch
panel of claim 4, wherein the first frequency is between 1 KHz
and 5 MHz, and the second frequency is between 10 Hz and
2 KHz.

6. A projected capacitive touch device, having a projected
capacitive touch panel having a touch sensing unit formed by
a matrix composed of a plurality of X-electrodes and Y-elec-
trodes distributed intersectingly, the device comprises:

a signal generator summing a detecting signal and a feed-
back driving signal to generate a sending signal by pro-
viding the detecting signal to a touch sensing end and
providing the feedback driving signal to the touch sens-
ing end before a touching status detection operation
being operated, and transmitting the sending signal to
the touch sensing unit for operating the touching status
detection operation,
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wherein the feedback driving signal in the sending signal
generates an electrical field on at least one of the X-elec-
trodes and at least one of the Y-electrodes of the touch
sensing unit so that a feedback tactile sense according to
the electrical field is obtained by a user while touching
the touch sensing unit,

wherein the detecting signal is used as media for detecting
the touched status of the touch sensing unit.

7. The projected capacitive touch device of claim 6, further

comprising:

afilter circuit coupled to the touch sensing unit wherein the
filter circuit filters out the feedback driving signal in the
sending signal and the touch sensing unit receives a
touch result according to the detecting signal at the touch
sensing end thereof.

8. The projected capacitive touch device of claim 7,

wherein the filter circuit is a band pass filter.

9. The projected capacitive touch device of claim 7,

wherein the filter circuit comprises:

a capacitor having one end coupled to the touch sensing
end and having another end to generate the touch result.

10. The projected capacitive touch device of claim 6,

wherein the detecting signal has a first frequency and the
feedback driving signal has a second frequency, wherein the
second frequency is lower than the first frequency.

11. The projected capacitive touch device of claim 6,

wherein the signal generator comprises:

a detecting signal generator coupled to an output terminal
and generating the detecting signal; and

a feedback driving signal generator coupled to the output
terminal and generating the feedback driving signal,

wherein the sending signal is generated at the output ter-
minal.

12. The projected capacitive touch device of claim 11,

wherein the signal generator further comprises:

a capacitor for filtering out a DC portion of the detecting
signal, the capacitor is serially coupled between the
detecting signal generator and the output terminal.

13. The projected capacitive touch device of claim 6,

wherein an insulating layer is formed on the surface of the
projected capacitive touch panel.
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